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Amplitudes

mpiled high-level

e Contract indices Co P ed gn-leve

o Calculate traces language (Fortran) for

e Reduce tensor integrals the numerical evaluation.
¢ Introduce abbreviations

FormCalc . .

Numerical Evaluation:

e Convert Mathematica output to Fortran code

e Supply a driver program
Fortran Code ¢ Implementation of the integrals

*— LoopTools
IM? » Cross-sections, Decay rates, ...
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Find all distinct ways of connect-
ing incoming and outgoing lines Topologies
CreateTopologies

Draw the results
Paint

Determine all allowed
combinations of fields —— Diagrams
InsertFields

Apply the Feynman rules
CreateFeynAmp —— Amplitudes e
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Classes level, e.q. -F[2], F[1], S[3]

ZiV]'G : G_

1emgl

\/_ 2sin 0, M

—0ij

G_|_:O

Coupling fixed except for i, j (can be summed in do-loop).

H N H EEN
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w_

C(E,F,S)=G_w_+ Giws =G -
W4

AnalyticalCoupling[sl F[j1, p1ll, s2 F[j2, p2], s3 S[j3, p3]]
== G[1][s1 F[j1], s2 F[j2], s3 S[j3]]
{ NonCommutative[ ChiralityProjector[-1] ],
NonCommutative[ ChiralityProjector[+1] ] }
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1emgz 5
G(KMV])G) <g+> — ( \/_SlngwMW ZJ)

C[L -F[2,{i}], F[1,{j}], S[3] 1]
= { {-I EL Mass[F[2,{i}]]/(Sqrt[2] SW MW) IndexDeltali, jl},
{0} }

N H E AN
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Counter terms by T. Fritzsche.

e ModelMaker utility generates Model Files from the
Lagrangian.

e FeynRules package generates Model Files for FeynArts
and other packages.
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Add-On Model Flles for example
InsertFields[..., Model -> {"MSSMQCD", "FV", "HMix"}]

This loads the Basic Model File MSSMQCD.mod and modifies it
through the Add-Ons FV.mod (non-minimal flavour violation)
and HMix.mod (3 x 3 neutral Higgs mixing).

Model files can thus be built up from several parts.

e M$ClassesDescription = list of particle definitions,

e M$CouplingMatrices = list of couplings.
$Coupling pling - EEEE
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1
q12 - Mass[S[Gen3]]*’

FeynAmpDenominator [

1 )
5 51 loop denominators
(-p1l + g1)° - Mass[S[Gen4]]
(p1 - 2q9g1)[Lor1] (-p1l + 2qg1)[Lor2] ........ kin. coupling structure
ep[V[1], pl, Lorl] ep*[V[1],k1,Lor2] ........... polarization vectors

Géoy [(Mom[1] -Mom[2]) [KI1[3]1]]
GO [(Mom[1] ~Mom[2]) [KI1[3]]] ©evrrrereenannnnn. coupling constants
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Mass[S[Gen4]],
GS® [ (Mom[1] -Mom[21) [KI1[311],
G [(Mom[1] -Mom[2]) [KI1[3]]],
RelativeCF } ->
Insertions[Classes] [{MW, MW, I EL, -I EL, 2}]
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e evaluate fermion traces,

e perform the tensor reduction,

e add local terms arising from D-(divergent integral)
(dim reg + dim red),

o simplify open fermion chains,
o simplify and compute the square of SU(N) structures,
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FormCalc

Mathematica

FeynArts
amplitudes

., Analytical
results

v : Driver
Generated Code programs
SquaredME
RenConst . Utilities
Fortran Hbrary
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8 Alfa2 CW2/SW2 AbbSum7 +

Alfa2 CW2/SW2 Abbl +
8 Alfa2 CW2/SW2 AbbSum29 )
I = loop integral = kinematical variables
.~ = constants I - automatically introduced abbreviations
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e

Pair3 = Pair([el[3], k[1]]

The full expression corresponding to AbbSum29 is

Pair([e[1], e[2]] Pairl[el[3], k[1]] Pair[el4], k[1]]
Pair[e[1l], e[2]] Pairl[el3], k[2]] Pair[e[4],k[1]] +
Pair[e[1], e[2]] Pair[el3], k[1]] Pairl[el4], k[2]] +
Pair([e[1], e[2]] Pairl[el[3], k[2]] Pairl[el4], k[2]]

4
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In general, the abbreviations are thus costly in CPU time.
It is key to a decent performance that the abbreviations are
separated into different Categories:

e Abbreviations that depend on the helicities,
e Abbreviations that depend on angular variables,
e Abbreviations that depend only on /s.

Correct execution of the categories guarantees that almost no
redundant evaluations are made and makes the generated
code essentially as fast as hand-tuned code.

H B B B
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abbrexpr = Abbreviate[expr, 5]

The second argument, 5, determines the Level below which
abbreviations are introduced, i.e. how much of expression is
‘abbreviated away.” Abbreviationing has the ‘side effect’ that
duplicate expressions are replaced by the same symbol.

The subexpressions are retrieved with Subexpr|].

Typical speed-ups are a factor 3 in MSSM calculations at
typical execution times of Abbreviate of 30 sec.
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RegisterAbbr [abbr]
RegisterSubexpr [subexpr]

T. Hahn, FormCalc and OPP -p.19




limited in FORM: on 32-bit systems to 32767.

Dilemma: FormCalc gets more sophisticated in pre-simplifying
amplitudes while users want to compute larger amplitudes.

Thus, users have recently seen many ‘overflow’ messages
from FORM.

Solution: Pre-simplified generic amplitude is sent to
Mathematica intermediately for introducing abbreviations.
Result: significant reduction in size of intermediate

expressions.
Tentukov, Vermaseren 2006 B HE B E N
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-2*fme [WeylChain[DottedSpinor[k1,MU,-1],6,k3,Spinor [k2,MU, 1]]]*ec3 ec4

+fme [WeylChain[DottedSpinor [k1,MU,-1],7,ec3,ec4,k3,Spinor [k2,MU,1]]]

-2xfme [WeylChain [DottedSpinor[k1,MU,-1],7,ec4,Spinor [k2,MU,1]]]*ec3.k2

-2xfme [WeylChain [DottedSpinor[k1,MU,-1],7,k3,Spinor [k2,MU,1]]]*ec3.ec4]
+8*SUNSum [Col5,3] *SUNT [G1lu3,Col5,Co0l12] *SUNT [Glu4,Coll,Col5]*mul [Alfas*MU*Pi] *
abb[fme [WeylChain [DottedSpinor [k1,MU,-1],6,Spinor[k2,MU,1]]]*ec3.ec4d

-1/2*fme [WeylChain [DottedSpinor [k1,MU,-1],6,ec3,ec4,Spinor [k2,MU,1]]]

+fme [WeylChain[DottedSpinor [k1,MU,-1],7,Spinor [k2,MU,1]]]*ec3.ecd

-1/2*fme [WeylChain [DottedSpinor [k1,MU,-1],7,ec3,ec4,Spinor [k2,MU,1]1]]] )

Mathematica — FORM:

-4%Den (U,MU2) *SUNSum (Col5,3) *SUNT (G1lu3,Col5,Co012) *SUNT (Glué,Coll,Col5) *
AbbSumb*Alfas*Pi
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where B0O and B11 are provided by LoopTools.

CutTools implements the cutting-technique-inspired OPP
(Ossola, Papadopoulos, Pittau) method. It needs the
numerator as a function of g which it can sample:

Bcut(2, numl, num2, p, my, my)
where nun1 = 4,4, and nun2 = 0 (coeff. of D — 4).

Independent way of checking LoopTools results.
Performance?
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e Already in Version 5, Fierz methods have been
implemented for Dirac chains, thus allowing the user to
force the fermion chains into almost any desired order.

e Version 6 further adds the Colour method to the
FermionOrder option of CalcFeynAmp, which brings the
spinors into the same order as the external colour indices.

o Also new in Version 6: completely antisymmetrized
Dirac chains, i.e. DiracChain[—1, p, V] = 0.
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main.F

xsection.F run.F process.h
driver program parameters for this run process definition

user-level code included in FormCalc

SquaredME. F generated code, “black box”

master subroutine

CPU-time (rough)

compute abbrt*®®

compute abbr 1P

compute M

abbrO_s.F

abbrO_angle.F | ( abbreviations

(invoked only
when necessary)

J O

> form factors
compute M 1100P
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o Extensible: default code serves (only) as an example.
Other ‘Frontends’ can be supplied, e.g. HadCalc, sofox.

e Re-usable: external program need only call
ProcessIni (to set up the process) and
ParameterScan (to set off the calculation).

o Interactive: Mathematica interface provides Mathematica
function for cross-section/decay rate.

built-in distribution of parameter scans.
| B B B
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e New Functions for registering abbreviations and
subexpressions allow to ‘resume’ sessions.

e Improvements in 4D Dirac chains for analytical purposes
(choice of ordering, antisymmetrization).

¢ Significant improvements in code-generation routines.
They are independent of other features and turn out
production-quality code for other applications.

e Version 6 is publicly available:
http://www.feynarts.de/formcalc
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#include "num.h"

res = 1/8.D0*QC18 - 1/8.D0*(QC17*Eps(ql,e(1),ec(2),k(1))) -
- 1/4.D0*(QC15*Pair(ql,e(1))*Pair(ql,ec(2))) -
- 1/8.D0*(QC16%Pair(ql,k(1)))

end

e To do: Adapt library conventions (naming, Minkowski vs.
light-cone vectors, etc.)

e To do: Add dimensionally regularized IR divergences to
LoopTools (60% done).

Technically: LTLAMBDA = —2, —1, 0 returns dim. reg. IR poles,
LTLAMBDA > 0 photon-mass regularization.
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